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ResolutionAbstract Quantifying and modeling of stream network using DEMs is the primary objective to
understand earth surface processes. In the present study, DEMs of different quality, i.e. resolution,
are evaluated for stream network quantiﬁcation and modeling. The results are very encouraging in
terms of the shape and geometry of the stream network. They emphasize the strong control of the
DEM resolution and thresholding of ﬂow accumulation/drainage area. Further, comparisons of the
various morphometric parameters are also quite promising. The study highlights different relation-
ships between various morphometric parameters obtained from the two DEMs used, thereby pav-
ing the way for the use of DEMs of different resolutions, interchangeably.
 2015 Faculty of Engineering, Ain Shams University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Stream network is the handy work of earth surface processes
that carve the surface of the earth and has been investigated
for over two centuries now. It is quite apparent from prior
investigations that although the landscape appears to be ran-
domly distributed in an unorganized space but, it has certain
degree of organization manifested by Horton’s laws, Strahler’s
stream orders, etc. Moreover, stream network forms a very
basic geomorphic entity that has been used for basic hydrology
research and applications and many allied areas that includeenvironmental monitoring, planning, geo-hazard applications,
tectonic studies through stream long proﬁling [1–3], ﬂood
monitoring [4] and so on.
The regularity in the organization of stream network allows
us to quantify and model it, i.e. the ﬂow of water, on the land
surface. The ﬂow is inﬂuenced by a number of competing fac-
tors and, in any case, given a set of inﬂuencing factors, the
shape or geometry of the stream network and its spatial distri-
bution are indicators of landscape evolution.
In recent times, Digital Elevation Models (DEMs) have
emerged as a powerful tool to assess landscape evolution
through space and time, especially via the investigation of
stream network [5,6]. Earlier works by Mingliang et al. [7] have
brought out the problem of uncertainty of ﬂow accumulation
in the determination of stream networks. Also, only the drai-
nage networks larger than the DEM resolution can be depicted
[8]. Hence the delineation of drainage networks is dependent
on the resolution of the DEM [9] as well as on the choice of
the ideal threshold ﬂow accumulation..doi.org/
Nomenclature
DEM Digital Elevation Model
ASTER Advanced Spaceborne Thermal Emission and
Reﬂection Radiometer
SRTM Shuttle Radar Topography Mission
DD Drainage Density
DL Drainage Length
fac ﬂow accumulation
USGS United States Geological Survey
CGIAR Consultative Group on International Agricultural
Research
2 D. Paul et al.ASTER and SRTM DEMs are widely used for terrain eval-
uation in mountainous areas [10], geomorphic studies [11,12],
natural hazards, Hydrology and also glaciers [13,14]. To
extract accurate DEM parameters for various applications,
researchers always try to either merge data or use fusion tech-
niques or re-sampling. It has been found that ASTER DEM
gives a relatively better accuracy compared to the SRTM
but, Ravibabu and Jain [15] found that many researchers are
not concerned about the DEM accuracy and re-sampling
methods while generating DEM from various sources.
Although ASTER stereo gives better resolution DEM [16]
SRTM represents the terrain better [17–19]. SRTM DEMs
have the problem of voids, radar shadow, etc. and ASTER
DEMs produce artifacts due to cloud cover [20]. Their method
of data acquisition is different; while SRTM uses interferomet-
ric technique, ASTER uses photogrammetry. It can be
observed that it is not possible to study all landforms using just
a single sensor, due to the various disadvantages in each tech-
nique [20]. Hence a technique to inter-relate different tech-
niques must be developed to acquire better products.
In the present study we investigate how the geometry of a
stream network is related to the resolution (cell size) and total
contributing area of a DEM. The geometry of stream network
here means the plan-form shape and morphometric attributes
of the stream network. The main objective of this work was to:
(a) Arrive at morphometric results mathematically without
relying on a software.
(b) Find the relation between the DEMs of different resolu-
tions (presently, between ASTER and SRTM).
We also arrive at a relationship between the resolution of
the DEM and the ﬂow accumulation. The various morphome-
tric parameters such as number of stream segments, catchment
delineation, drainage density or even the stream orders depend
on the ﬂow accumulation value used as the threshold, implying
the importance of the choice of the ideal threshold value and
they are related between ASTER and SRTM DEMs.
2. Study area
The investigated areas are located in India and are representa-
tives of different topographic relief zones (Fig. 1). Generally,
the terrain has been categorized into three classes, based on
their relief (topographic elevation):
 Flat terrain: 0–300 m
 Medium terrain: 300–2000 m
 Rugged terrain: 2000–5000 mPlease cite this article in press as: Paul D et al., Quantifying and modeling of stream ne
10.1016/j.asej.2015.09.002The ﬂat, medium and rugged relief terrains were identiﬁed
in the broad regions of Rajasthan, Dehradun and the Hima-
layas, respectively (Fig. 1). In all, a total of twelve drainage
basins were investigated using SRTM and ASTER DEMs.
The details about ASTER and SRTM DEMs for all the twelve
areas are given in Table 1. The drainage basins F4, M4 and R4
were used for validation.
3. Methodology
As shown in Fig. 2, initially the DEMs are downloaded;
ASTER from the USGS web site (http://earthexplorer.usgs.
gov/) and void ﬁlled SRTM from the web site maintained by
CGIAR (http://srtm.csi.cgiar.org/SELECTION/inputCoord.
asp). Some basins were isolated as described by the steps in
Fig. 2 through the Catchment Delineation operation,
after which, the morphometric analyses were once again car-
ried out.
The stream deﬁnition is the step that jeopardizes the pro-
ceeding morphometric results, leading to a stream network,
with the input of the ideal threshold ﬂow accumulation, which
in-turn depends on the resolution of the DEM.
The number of catchments is essentially the same as the
number of stream segments since the catchments are created
by bounding each segment, so the process of segmentation pre-
cedes the process of catchment delineation.
Nowadays, many Geographic information System (GIS)
packages integrate hydrology modules that follow typical well
deﬁned routines to generate, quantify and model stream net-
works. In fact, there are quite a number of algorithms that
quantify stream networks eg. D8 [21] and DEMON Dinf
[22]. Although, the D8 method has its beneﬁts of a simple grid
based data structure thereby minimizing dispersion and being
robust even in difﬁcult terrain [22], it has been veriﬁed that
there is no signiﬁcant apparent difference in all of them and
the stream networks calculated are comparable in nature [7].
However, Martz and Garbrecht [23] put up a strong argument
for the choice of threshold drainage area in all of these algo-
rithms depending on geomorphic types (possibly relief). It
has also been suggested by many previous workers, that geo-
morphic relief forms an important criteria. This clearly
prompted us to identify/classify different investigated areas
by relief (Fig. 1 and Table 1).
In general, 1% of the total drainage area is recommended
[24] as the threshold ﬂow accumulation value. Nevertheless,
for varying threshold values, the number of stream segments
(catchments), the drainage area and the total drainage lengths
were noted for ASTER and SRTM, and the results are dis-
cussed in the next section.twork using digital elevation models, Ain Shams Eng J (2015), http://dx.doi.org/
Figure 1 Reference map for the study area in India. The relief of ﬂat terrain basins (F1, F2, F3 & F4), the medium terrain basins (M1,
M2, M3 & M4) and the rugged terrain basins (R1, R2, R3 & R4).
Quantifying and modeling of stream network 34. Results and discussion
4.1. Relation between drainage area, flow accumulation and cell
size
Based on the literature that the ﬂow accumulation
relates to the cell size of the DEM, we tested for two different
DEMs (varying resolution) i.e. SRTM (90 m) and ASTER
(30 m). We also used a re-sampled DEM for
reference. It can be clearly seen that a number of contributing
cells are strongly controlled by the resolution of the DEM,
for all the relief (Fig. 3). This is discussed in detail in
Section 4.1.2Please cite this article in press as: Paul D et al., Quantifying and modeling of stream ne
10.1016/j.asej.2015.09.002From the relationship of the drainage area with the cell size,
it seems possible and also plausible that the ﬂow accumula-
tion/contributing area can be varied in order to deﬁne a rea-
sonable and acceptable stream network. The rate at which
the threshold drainage area changes with the variation in
threshold (ﬂow accumulation) value is shown in Fig. 4 and this
is in turn related to the resolution of the DEM as discussed in
Section 4.1.1.
4.1.1. Relationship between the flow accumulation threshold
values of ASTER and SRTM DEMs
Tarboton [22] proposed that the threshold drainage area is the
product of the number of pixels and the pixel area. This hastwork using digital elevation models, Ain Shams Eng J (2015), http://dx.doi.org/
Table 1 General information about the investigated areas (12 nos.) for each of the DEMs.
Terrain Area Parameter ASTER SRTM 90
Flat terrain (0–300 m) Clip 1 Cell size 24.94, 24.94 74.51, 74.51
Area (sq. km) 7.26 7.17
High, Low, Relief (m) 173, 133, 40 168, 133, 35
Clip 2 Cell size 24.94, 24.94 90.21, 90.21
Area (sq. km) 2.107 2.184
High, Low, Relief (m) 177, 144, 33 172, 146, 26
Clip 3 Cell size 24.94, 24.94 81.916, 90.108
Area (sq. km) 1.311 1.364
High, Low, Relief (m) 170, 135, 35 168, 138, 30
Clip 4 Cell size 24.94, 24.94 83.6, 83.6
Area (sq. km) 2.27 2.173
High, Low, Relief (m) 426, 191, 235 373, 194, 179
Medium (300–2000 m) Area 1 Cell size 29.66,29.66 88.98,88.98
Area (sq. km) 93.393 93.45
High, Low, Relief (m) 1910, 429, 1481 1889, 424, 1465
Area 2 Cell size 27.825, 27.825 89.06, 89.06
Area (sq. km) 30.16 30.16
High, Low, Relief (m) 1667, 688, 979 1648, 682, 966
Area 3 Cell size 29.64, 29.64 88.91,88,91
Area (sq. km) 23.395 23.42
High, Low, Relief (m) 1772, 688, 1084 1748, 683, 1065
Area 4 Cell size 29.8, 29.8 74.48, 74.48
Area (sq. km) 26.526 26.55
High, Low, Relief (m) 1472, 500, 972 1422, 501, 921
Rugged Terrain (2000–5000 m) AR1 Cell size 29.125, 29.125 74.565, 87.364
Area (sq. km) 79.83 79.808
High, Low, Relief (m) 6168, 1783, 4385 5983, 1784, 4199
AR2 Cell size 29.125, 29.125 74.565, 87.364
Area (sq. km) 49.032 48.375
High, Low, Relief (m) 4799, 1701, 3098 4749, 1717, 3032
AR3 Cell size 29.049, 29.049 87.145, 87.145
Area (sq. km) 55.011 55.24
High, Low, Relief (m) 6429, 3468, 2961 6027, 3431, 2596
4 D. Paul et al.been validated in this work. A plot between threshold ﬂow
accumulation and the threshold drainage area shows a linear
trend (Fig. 4), but a power ﬁt provides R2 value of 1, proving
Eq. (1):
AD ¼ x2  y ð1Þ
For the same ‘y’, higher resolution DEM (ASTER, in this
case) provides better morphometric details than lower resolu-
tion DEMs (SRTM) then a corresponding threshold value
can be found for a lower resolution DEM with respect to the
former, which can yield similar results to the higher resolution
products. This is given in Eq. (2):
y2 ¼
x21  y1
x22
ð2Þ
For ideal conditions of ASTER and SRTM, x1 = 0.03 km
and x2 = 0.09 km, then the threshold ﬂow accumulation for
SRTM DEM is 1/9th that of ASTER DEM.
Eqs. (1) and (2) have been validated for three different areas
spanning across the three terrain classes as shown in Table 2.
4.1.2. Second order polynomial relationship between drainage
area, flow accumulation and cell size
An alternative relation can be arrived at, which tries to relate
the drainage area (AD) with the cell size (x) in the form of aPlease cite this article in press as: Paul D et al., Quantifying and modeling of stream ne
10.1016/j.asej.2015.09.002polynomial equation. This equation was obtained by plotting
cell size against the threshold drainage area for varying
threshold ﬂow accumulation values and then trying to ﬁnd a
relation between the coefﬁcients, u, v and w of the polynomial
with the ﬂow accumulation (y), and they take the form of
Eq. (3):
ðu; v;wÞ ¼ ayb ð3Þ
The general equation is of the form of
AD ¼ ux2 þ vxþ w ð4Þ
Table 3 gives the values for a and b.
Validating Eqs. (3), (4) and the values of a and b for the
area R2, ASTER, where, x= 29.125 m, y= 250, u= 251.7,
v= 287 and w= 7922.399, then, AD = 0.213072 km2. This
modeled value is in reasonable agreement with the actual value
(0.211244 km2) and the value obtained by using Eq. (1)
(0.212066 km2).
4.2. Relation between flow accumulation and number of
catchments (number of stream segments)
Flow accumulation threshold shares an inverse power relation-
ship with the number of catchments (Fig. 7a) and the mathe-
matical relation is given in Eq. (5):twork using digital elevation models, Ain Shams Eng J (2015), http://dx.doi.org/
DATA Source
ASTER DEM SRTM DEM
Classification of DEM based on terrain 
Flat (0-300m) Medium (300 – 2000m)        Rugged (2000-5000m)
Selection of Basin 
For Validation
F4, M4, R4
For Analysis
F1, F2, F3, M1, M2, 
M3, R1, R2, R3
Morphometric Analysis 
Flow Direction Flow Accumulation Stream definition 
Drainage line delineation Stream segmentation / 
Catchment delineation 
Figure 2 Steps involved in carrying out the morphometric operations. The methodology involved.
Figure 3 Relationship between cell size (DEM resolution) and
contributing drainage area. In this case the threshold value for
ﬂow accumulation has been ﬁxed at 50. The blue ones are the
modeled values and red are the actual values. Figure 4 The variation of the threshold drainage area with
respect to the threshold ﬂow accumulation for three different types
of cell sizes (872 m, 742 m and 302 m).
Quantifying and modeling of stream network 5N ¼ pyq ð5Þ
Also, it has been found that the coefﬁcient cannot be gen-
eralized but is a function of a few variables, p= f (q, AT, x)
and this is shown in Fig. 5. Except for the relation with AT,Please cite this article in press as: Paul D et al., Quantifying and modeling of stream ne
10.1016/j.asej.2015.09.002the relation of p with q and x does not have a good R2 value.
The coefﬁcient may be dependent on other variables that have
not been ﬁgured out yet.twork using digital elevation models, Ain Shams Eng J (2015), http://dx.doi.org/
Table 2 Validation of results: Relation between drainage area, ﬂow accumulation and cell size. SRTM (modeled) shows the
morphometric parameters obtained for the y2 value obtained from (3), while SRTM gives the actual values for the default threshold
value (Ry2), which is 1% of the maximum ﬂow accumulation value. Eq. (1) is also validated here. Modeled drainage area is obtained by
Eq. (1) while actual drainage area is the original value.
Terrain Parameter ASTER SRTM (modeled) (for y2) SRTM (actual) (for Ry2)
Flat: Clip 4 Threshold ﬂow accumulation 35 3.11 (3) 2
Actual drainage area (km2) 0.021774 0.020967 0.013978
Modeled drainage area (km2) 0.02177 0.0209668 0.0139779
Number of catchments 54 41 59
Total drainage length (km) 10.274 11.028 13.458
Stream orders 3 3 3
Drainage density (km1) 4.526 5.075 6.19
Medium: Area 4 Threshold ﬂow accumulation 286 45.7 (46) 42
Actual drainage area (km2) 0.22911 0.229018 0.232982
Modeled drainage area (km2) 0.25397 0.255174 0.232985
Number of catchments 52 53 57
Total drainage length (km) 36.547 36.966 39.06
Stream orders 4 3 3
Drainage density (km1) 1.377 1.392 1.47
Rugged: AR4 Threshold ﬂow accumulation 241 36.88 (37) 88
Actual drainage area (km2) 0.202034 0.205744 0.489338
Modeled drainage area (km2) 0.20198 0.202612 0.481888
Number of catchments 159 161 61
Total drainage length (km) 93.537 95.637 56.012
Stream orders 4 4 3
Drainage density (km1) 1.756 1.7969 1.052
Bold values differentiate the difference results.
Table 3 The values of a and b for the coefﬁcients u, v, w.
Coeﬃcient a b
u 1.036 0.9947
v 0.5176 1.1443
w 16.943 1.1134
6 D. Paul et al.From Fig. 5 and Table 4, it is quite clear that the coefﬁ-
cients ‘p’ for ASTER (p1) and SRTM (p2) DEMs for a given
drainage basin are related, pertaining to the terrain class.
In general,
p1
p2
¼
14:14; for Flat Terrain
9:5; for Medium Terrain
5:65; for Rugged Terrain
8><
>:
9>=
>; ð6Þ
From Eq. (5), the number of catchments for SRTM can be
obtained from ASTER DEM as given in Eq. (7). If N1 be the
number of catchments from ASTER and N2 be the number of
catchments from SRTM, then for a particular ﬂow accumula-
tion value,
N2 ¼ p2
N2
p1
 q1
q1 ð7Þ
Based on the above analysis, it is possible to relate the num-
ber of catchments from the two DEMs of varying resolution.
This also implies that the number of catchments is internally
related to the ﬂow accumulation values. However, it is generally
and very obviously noticed that for a particular basin, ASTER
DEMwill have a higher value for the maximum ﬂow accumula-
tion than the SRTMDEM, due to the higher resolution. Also, it
has been observed that the maximum ﬂow accumulation valuesPlease cite this article in press as: Paul D et al., Quantifying and modeling of stream ne
10.1016/j.asej.2015.09.002do not follow a ﬁxed relation between ASTER and SRTM as it
has been veriﬁed that at maximum values of ﬂow accumulation,
the number of catchments will always be 1.
For a particular value of ﬂow accumulation,
N2 ¼
0:09 N0:97731 ; Flat Terrain; where; N1 & N2– 0 & N1P 12
0:09 N1:02261 ; Medium Terrain; where; N1 & N2– 0 & N1P 11
0:03 N1:1491 ; Rugged Terrain; where; N1 & N2– 0 & N1P 21
8><
>:
9>=
>;
ð8Þ
Eq. (8) has been veriﬁed for F4, M4 and R4. Although the
equation for the ﬂat terrain ﬁts well, those for the medium
and rugged terrains do not (Table 5). This is probably due to
the higher complexity and variation of relief in medium and
rugged terrain.
4.3. Relation between flow accumulation and drainage density
Drainage density is another important parameter. It is related
to the total basin area as described in Eq. (9):
d2 ¼ Ld
AT
ð9Þ
The ﬂow accumulation shares an inverse relationship with
drainage density (Fig. 7b) and is mathematically expressed
by Eq. (10).
The relationship can be represented as
dd ¼ ayb ð10Þ
where a and b are coefﬁcients and b is negative due to the
inverse relationship. Chen et al. [25] found a similar relation-
ship between the drainage density and the ﬂow accumulation,
wherein they found that the parameters ‘a’ and ‘b’ described in
Eq. (11), are related to the resolution of the DEM. However,twork using digital elevation models, Ain Shams Eng J (2015), http://dx.doi.org/
R2 = 0.6608(a) (b) R2 = 0.7466
(c) R2 = 0.5723 (d) R2 = 0.8842
(e) R2 =0.9937 (f) R2 = 0.776
Figure 5 The relation of the coefﬁcient ‘p’ with cell size (x) ((a) and (b)), relief (q) ((c) and (d)) and the total basin area (AT) ((e) and (f)),
The subscript 1 stands for ASTER, while 2 stands for SRTM.
Table 4 The relation between the coefﬁcient ‘p’ of ASTER and SRTM catchment equations. p1/p2.
Terrain Basin p1 AT1 (sq. km) x1 (m) q1 (m) p2 AT2 (sq. km) x2 (m) q2 (m) p1/p2
Flat F1 7687.7 7.26 24.94 40 453.42 7.17 74.51 35 16.9549
F2 1459.3 2.107 24.94 33 107.95 2.184 90.21 26 13.5183
F3 793.81 1.311 24.94 35 66.457 1.364 90.108 30 11.9447
Medium M1 55,047 93.393 29.66 1481 5672.7 93.45 88.98 1465 9.70504
M2 17,035 30.16 27.825 979 2007.9 30.16 89.06 966 8.48399
M3 15,852 23.395 29.64 1084 1531.3 23.42 88.91 1065 10.3519
Rugged R1 46,522 79.83 29.125 4385 8231 79.808 87.364 4199 5.65204
R2 31,092 49.032 29.125 3098 7317.6 48.375 87.364 3032 4.24893
R3 30,726 55.011 29.049 2961 4370.5 55.24 87.145 2596 7.03032
Quantifying and modeling of stream network 7the data points used by them were lesser than those used in this
study. Here, we were able to ﬁnd values of ‘a’ and ‘b’ useable to
the given terrain classiﬁcations (Table 6).
Further, the relation between the Drainage Densities of
ASTER and SRTM are (see Table 7) as follows:
dd2 ¼
0:28 dd1ðyÞ0:031; Flat Terrain; where; dd1 & dd2 > 0
0:35 dd1ðyÞ0:056; Medium Terrain; where; dd1 & dd2 > 0
0:299 dd1; Rugged Terrain; where; dd1 & dd2 > 0
8><
>:
9>=
>;
ð11ÞPlease cite this article in press as: Paul D et al., Quantifying and modeling of stream ne
10.1016/j.asej.2015.09.002It can be seen that the modeled and the actual values match
fairly well in the ﬂat terrain, when compared to the other ter-
rains (Table 8 and Fig. 6).
4.4. Relation between threshold contributing drainage area and
total drainage length
Hack [2] established a relation between drainage length and
the drainage area as Ld = 1.4 AD
0.6, and he also expressed
the shortcomings of this result that it was not useable at alltwork using digital elevation models, Ain Shams Eng J (2015), http://dx.doi.org/
Table 5 In the table, y stands for threshold ﬂow accumula-
tion, N1 for ASTER catchment numbers, N2 (modeled) for
SRTM catchment numbers calculated using Eq. (8) and N2
(actual) are the observed SRTM catchment numbers.
Terrain y N1 N2 (modeled) N2 (actual)
Flat 35 54 4.44 (4) 2
150 11 0.937 (1) 1
Medium 286 52 5.117 (5) 6
150 90 8.97 (9) 16
Rugged 241 159 12.52 (13) 27
150 252 21.25 (21) 39
Table 6 The ‘a’ and ‘b’ values for different terrains.
Terrain DEM a b
Flat ASTER 32.942 0.538
SRTM 90 9.2702 0.569
Medium ASTER 30.325 0.567
SRTM 90 10.701 0.623
Rugged ASTER 39.986 0.583
SRTM 90 11.984 0.583
Table 7 The validation of Eq. (11). ‘y’ stands for threshold
ﬂow accumulation, dd1 for drainage density for ASTER for a
particular ‘y’, dd2 (modeled) stands for the drainage density
obtained from (11) and dd2 (actual) is the actual observed value.
The modeled and the actual values match fairly well in the ﬂat
terrain, when compared to the other terrains.
Terrain y dd1 dd2 (modeled) dd2 (actual)
Flat 35 4.526 1.135 1.39
150 2.43 0.583 0.529
Medium 286 1.337 0.341 0.517
150 1.73 0.457 0.58
Rugged 241 1.756 0.525 0.6009
150 2.112 0.631 0.567
Table 8 The validation of Eq. (15). ‘y’ stands for the threshold ﬂo
Table 6 and are also validated here. Ld (modeled) stands for the total
are the original values. They are very much comparable to each oth
Terrain Area DEM y a b
Flat F1 ASTER 150 32.942 0.5
SRTM 150 9.2702 0.5
F4 ASTER 150 32.942 0.5
SRTM 150 9.2702 0.5
Medium M2 ASTER 150 30.325 0.5
SRTM 150 10.701 0.6
M4 ASTER 150 30.325 0.5
SRTM 150 10.701 0.6
Rugged R3 ASTER 150 39.986 0.5
SRTM 150 11.984 0.5
R4 ASTER 150 39.986 0.5
SRTM 150 11.984 0.5
Figure 6 Comparison of the modeled and actual drainage
density values with respect to the threshold ﬂow accumulation.
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Please cite this article in press as: Paul D et al., Quantifying and modeling of stream ne
10.1016/j.asej.2015.09.002conditions. But we get a generalized relation (Eq. (12)) and
relate it to ‘a’ and ‘b’:
Ld ¼ c AbD ð12Þ
This relation is shown in Fig. 7c. But from 10, 9 and 1,
c ¼ a AT
x2b
ð13Þ
Therefore,
Ld ¼ a AT
x2b
AbD ð14Þ
Substituting (1) in (14),
Ld ¼ a AT  yb ð15Þ
The relation between the ASTER and SRTM drainage
lengths can be obtained from Eq. (11). But most importantly,
this highlights a strong and prominent control of ﬂow
accumulation threshold/contributing drainage area. This, in
a way means that the drainage densities can be worked out
directly for any type of DEM, simply based on its ﬂow accu-
mulation value, the cell size and the total area of the basin.
Eq. (15) and the ‘a’ and ‘b’ values have been validated
(Table 8).w accumulation value. ‘a’ and ‘b’ values have been taken from
drainage length that is calculated using Eq. (15), while Ld (actual)
er.
AT (km
2) Ld (modeled) (km) Ld (actual) (km)
38 7.26 16.14171 17.645
69 7.19 3.851431 3.79
38 2.27 5.047063 5.595
69 2.173 1.164 1.347
67 30.16 53.38121 53.712
23 30.16 14.22823 16.069
67 26.526 46.94927 47.617
23 26.55 12.52518 20.306
83 55.011 118.494 125.972
83 55.24 35.66106 37.015
83 53.26 114.7223 121.88
83 53.223 34.35896 40.721
twork using digital elevation models, Ain Shams Eng J (2015), http://dx.doi.org/
Figure 7 The inverse square relationships (a) the variation of the number of catchments with increasing threshold ﬂow accumulation for
ASTER and SRTM DEMs of a few basins showing the R2 values. (b) The variation of drainage density with increasing threshold ﬂow
accumulation for ASTER and SRTM DEMs of a few basins showing the R2 values. (c) The variation of the drainage length with
increasing threshold drainage area for a basin, F1, for ASTER DEM showing the R2 value.
Quantifying and modeling of stream network 95. Conclusions
It can be seen that except for the catchment numbers, all the
other parameters studied here, the drainage area, drainage
density and the drainage length can be determined mathemat-
ically without relying on any software.
DEM analysis for quantiﬁcation and modeling of stream
network is a very powerful technique for mapping and
evaluating the surface of the earth. However, availability of
different types of DEMs, in the present case SRTM and
ASTER, have left a lot to understand about their
respective use and interchangeability. In the present study,
we highlight some obvious but interesting relationships
between DEMs of varying resolution and their impact on
various morphometric parameters mainly related to streamPlease cite this article in press as: Paul D et al., Quantifying and modeling of stream ne
10.1016/j.asej.2015.09.002network. It reveals that these parameters are strongly con-
trolled by the resolution of the DEM and ﬂow accumulation
threshold.
The study also highlights different relationships between
various morphometric parameters obtained from the two
DEMs used. It paves way toward the use of DEMs of different
resolutions, interchangeably. However, it must be mentioned
that there are some limitations with such use, especially for ter-
rain with high relief and complexity.Acknowledgments
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5. Drainage area AD
6. (Threshold) Flow accumulation y7. Aster threshold ﬂow accumulation y1
8. Aster cell size x1
9. Aster drainage area AD1
10. SRTM cell size x2
11. SRTM threshold ﬂow accumulation y2
12. Default SRTM threshold ﬂow accumulation Ry2
13. Number of catchments N14. Number of catchments (ASTER) N1
15. Number of catchments (SRTM) N2
16. Coeﬃcient of general catchment equation p17. Coeﬃcient of catchment equation (ASTER) p1
18. Coeﬃcient of catchment equation (SRTM) p2
19. Power of general catchment equation q20. Power of catchment equation (ASTER) q1
21. Power of catchment equation (SRTM) q2
22. Relief q
23. Relief (ASTER) q1
24. Relief (SRTM) q2
25. Drainage density dd
26. Coeﬃcient of DD equation a27. Power of DD equation b28. Drainage density (ASTER) dd1
29. Drainage density (SRTM) dd2
30. Total drainage length Ld
31. Coeﬃcient of relation between drainage length
& drainage areac32. Coeﬃcients of the second order polynomial
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